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What is PeMS?

1. Software system that collects transportation data
2. Computes performance measures and stores them
3. Provides many ways to visualize transportation data

4. |Is a foundation for performance reporting on the
transportation system

Caveats:
1. It doesn’t replace engineering or planning judgment.
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Who is BTS?

Company Mission
— Help clients leverage all data to enhance the performance of the transportation
system (we're “data geeks”)

Product
— Transportation Performance Measurement System, PeMS

Project History

— Initiated as a research project at UC Berkeley in 1998

— Started with simple freeway data, expanded to incidents, arterials, transit
— First deployment was inside of Caltrans

Major Clients:

— California Department of Transportation, Utah Department of Transportation,
Washington Department of Transportation, SANDAG, Los Angeles Department
of Transportation, Southern California Association of Governments, Attiki Odos

Motorway (Athens, Greece)
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Incorporates Many Types of Transportation Data
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Many different
GIS-based
displays

 We merge
together the
historical and
real-time data in a
number of ways

Can show many
different types of
information on the
maps

« Roadway

« Facility
Historical
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Visualization of Current Status
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High-Level Corridor Analysis
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Many, Many Types of Tools In PeMS

» Historical Analysis
«  Traditional point and spatial measures (VMT, VHT, Delay, Travel time)
 Real-Time Analysis
« Travel time prediction
 GIS-based Tools
«  Sensor configuration management, tracking, performance reports, etc.
* Advanced Visualization Tools
* Animations, Corridor analysis
« Managed Facility Analysis
« Balance of demand, differences in travel time
« Traditional Count Data
HPMS reporting, integration with ITS data, AADT, MADT computations
« Weight-in-Motion and Vehicle Classification Data
«  WIM data analysis, load spectra reporting, classification reports
« Traffic Management Tools
* Lane requirements chart, delay estimation analysis
* Arterial Analysis
« Link travel times, control delay estimation, GIS displays
* Transit Data
» Passenger count and AVL integration, on-time performance, loading analysis, travel times

© 2011 Berkeley Transportation Systems, Inc.
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Arterial Data in PeMS
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Arterial Performance Monitoring

« Benefits
* Identify problem areas
« Understanding control delay
* Quantify operational improvements
» Understand what'’s taking place on the network
» Integrated with freeways (in Caltrans’ version)
 Needed Inputs
« Topology information (what are the streets and where are they?)
« Sensor information (flows, speeds, travel times)
« Signal timing information (static plans, real-time measurements)
» Arterial PeMS Approach

« Sensor agnostic — PeMS takes in any type of sensor data

— Simple loops, Video-based detection, Bluetooth tag reads, Sensys dots or
re-id detectors, etc.

« System agnostic — PeMS isn’t a control system
« Different levels of reporting based on what’s being measured

© 2011 Berkeley Transportation Systems, Inc.




Berkeley Transportation Systems

Arterial Data Challenges

1. Topology: GIS linework typically doesn’t have the information needed

. Stitching together multiple sets is painful (MPO model layers, City layers, TIGER layers)

2. Traffic Data: Sensor locations and capabilities vary by deployment.

. Different number of lanes, different granularities, different quantities

3. Signal Data

 Some technical and political challenges in obtaining real-time controller data.
Without cycle- by cycle data, we have to estimate or use tlmlng plans.

Detectors Re-identification, Flow Individual Vehicle Records 30-second flow and
occupancy
Locations One departure (release) lane All approach and release Some midblock lanes

locations, some midblock

Signal Info Time-of-Day Plans Estimated in real-time from Time-of-Day Plans
release detectors

Size 18 detectors, 9 intersections 125 detectors, 8 intersections 18,712 detectors, 2,200
intersections

Bottom Line: The system needs to maintain a flexible (but programmatic)
approach towards arterial data collection and performance computation.

© 201
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Example: Chula Vista Project

Types of performance measurement visualization
Examples of use (standard movement reporting, signal performance, etc)
Integrated with Caltrans’ instance of PeMS
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Listing of Intersections in Chula Vista

» The configuration page
for an intersection

 Shows the attached
links

* Note that there is one
link in each direction

 Schematic of the
intersection is draw on
the bottom

 The links contain the
measurements

© 2011 Berkeley Transportation Systems, Inc.
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For these intersections
we have the timing
plans

We look at them by
day and then time of
day

The phase indication
diagram shows the
duration of the cycle for
each phase

The table below
provides the details

© 2011 Berkeley Transportation Systems, Inc. .
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 We compute the travel
time distribution for each
hour (based on all the
matched vehicles)

» We store the following
percentiles:

e Ot (minimum)

« 10t

. 25th

« 50" (median)

° 75th

. 90th

* 100t (maximum)

» Here we’re showing the
10t and 90t percentiles
(ie: 80% of the vehicles
had travel times between
these times)
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Example: City of Los Angeles
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© 2011 Berkeley Transportatio matching, Bluetooth sniffing or vehicle signature . Ferée B"I 51000 fpV.271h 8t "I 1 g W 2Tt SU ; g g STt 7 Joas Technid |
matching. b C@US € oo mbne  # E & v ¥ Map data 210 Google, 2009 BTS - Tafrs ofilsa, | Eine
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Assessing Detector Health

Home | Feedback | Account {admin) | Help | Logout All « || Search

— PeMS assesses the “of Transportation
| frterials = | Arterial Detector Health = Tools « |
health Of eve ry sensor Arterial Detector Health = Summary -
In the System eve ry plate firoun By Duwiner Show Yalues As

spr || 26 w2010 Strest Al v @, Ocount

n |g h t B viEw TRBLE

%o Working Suspected Errors
— Users can see a daily
‘ W Badd {1.90%) B Insufficient Data (0.00°% )
B Card Off (34.21%)
summary of overall oot

and city-by-city or v

street-by-street
% Bad by Type
d eteCtO r h ea It h Total Streets # Detector % Good % Bad % Insufficient Data % Card Off %% High valug

%o Comm Do

471 1001 98,1 1.9 0.3 o 16 0
— When detectors are
. % Bad by Type

n Ot WO rkl n g’ We Street # Detectors % Good % Bad % Comm Down % Insufficient Data % Card Off % High Valud
. VAN NUYS 126 100.00 0 0 o o 0
attempt to d|agnose COLORADO 77 10000 i i o o i
ROSCOE 71 95.77 423 0 o 423 0
the problem SAN FERIANDO ROD B I, — - ) — :
. YORK 38 94,74 5,26 5,26 o o 0
— Users can also drill . REtal : : : 0
EAGLE ROCK 23 100,00 0 0 o o 0
d own tO see Wh e re, MORTH BROADWEY 21 100.00 0 0 o o 0
FLETCHER 20 100.00 0 0 o o 0
When, and Why MORDHOFF 20 100.00 0 0 o o 0
Lt B 17 20 24 11 TA n n 11 7A n

specific detectors
© 18
B o . ®
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Investigating Arterial/Ramp/Freeway Data

— Arterial and Freeway
data integration lets
users compare the
patterns between
arterial, freeway, and
ramp traffic.

— Special events typically
start on arterial streets
and then effect freeways

— Example: How do Los
Angeles Dodgers home
games impact traffic on
the various facilities near
the stadium?

Arterial Detection  On-ramp detection

© 2011 Berkeley Transportation Systems, Inc. 19
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Special Event Arterial Traffic

Here, we are plotting

Arterial Link 59944 Elysian Park Ave WB from Lilac/Elysian Park to Sunset/Elysian Park

| Link Details

hourly volumes over 12 -\ O

Time of Day Day of Wesk Quantity Relationships Tools «

days at an arterial %\ Be
stadium exit.

First 6 days are Dodger
Home Games.

FowEREDEr 3 e
GOUS!‘E ms Map data ©2010 Google ||~
System 8, Los Angeles Co

County, Los Angeles

Timeseries

Time of Day

@ all

To
May || 28 w2010 w||23 &

WI[[2010 M [0 |»

Huge spike in volumes
post-game (600-800

Link aAttributes
Length:
Direction:
Opposite Link:

561 ft
West
Elysian Park Ave

s

Enter & link ID to wiew this same report for a
different link,

effects of special events

List links for:

In an integrated system
(with freeway data) we
can pursue where the
freeways are overloading

© 2011 Berkeley Transportation Systems, Inc.

veh/hour), clost to
Signal Phase Estimation: s
m id n ig h t '?i:‘?nz&;;h:sds::;:eaiuns with Signal = i .
View rby links % i |
C | | h | 2 :
— an clearly see the s

1
@ 702000 23159199

Clono » | to|onss «|

700 - g

200

W s

2]
0548 0549 05420 05/21  05/22 05723 05724 05/25 0526 05427 05728 0629
0000 0000 00:00  00;00 0000 00:00  00:00 0000 0000 0000 00:00  00:00

}

\ \
| |

Game days Non-Game days

20
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Example: Carson
Characteristics

. 1.8 mile corridor in Los
Angeles’s South Bay

. 8 signalized intersections

. Commercial/industrial/
residential land uses

Importance

. City and County signal
timing
responsibilities

. Recently coordinated

. Proximity to managed
freeway corridors

Just west of a designated
truck route

n Hallywood Alhambra
Beverly Hills Monterey = E| Monte
W Los Angeles_ | " CR8EY
T _ South E|
Santa C o i s East'Los Monte
: ulver City
Maonica ; Ww Angeles - - 1o tabello H:f‘
Marina,_" Huntington | =
DE?I;I{:,: ! parg Bell Fico Rivera  yyhittje
Inglewood Sauth
‘Westmont South Gate Downey Whittier
El Segundo Ty
2 Hawthorne  ( Lymwood O AL
Marwalk
Manhattan Gardena Compton S Ry
Beach . pedondo ' 54
Beach W) Lakewood Buena Park
Torrance 9985 . La Palma
f Cypress
Palos Verdes Signal Hill— ¥p
Estates omita Los  Stanton
Alamitos
#hlling Hills LI Long Bsach Weastmins
Rancho,  San Pedro Seal Beach :
Falos Verdes F

© 2011 Berkeley Transportation Systems, Inc.
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Detection

— Difficult to convert existing
detectors for traffic monitoring
purposes

— Solution: Install Sensys Wireless
Vehicle Detectors

 Allapproach lanes
(in crosswalk)

. Some departure —
lanes 3

. Four midblock
locations (speed)
— Send data for each
vehicle detection
— Installed June 2009

© 2011 Berkeley Transportation Systems, Inc.

— L__Re?pase d
B

Conventional Approach

Stop bar detector.
Typically doesn’t
measure flow.

System detector.
Sometimes
measures speed.

Advance

‘ Release detector ‘
detector

Carson Street Approach

.':
/.—-"‘-
|

‘ejféct'or'ﬁ 1T

= .

o O o el

WS&'PO%’: .
i W ¥ P |

£ X
=
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Visualizing Corridor Performance

—  Time-Space Coordination
diagrams generated for

coordinated systems and
time periods
Need to have known

offsets between
intersections!

—  X-axis: Time
— Y-axis: Distance down

corridor Dolores -

—  Horizontal lines: when an
intersection is green (or red)

GGGGGG

— Slope of lines representthe ... i
speed limit

—  Speed limit and timing plan Seconds
offsets used to show
progression quality
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Visualizing Intersection Performance

— As a function of the time in
the cycle:

* When do vehicles arrive at an
intersection?

100% 3%

* When is the light typically
green?

~ 25%
80%

2%

(=)

2

=
!

— Show the average fraction of
vehicles during the cycle
that arrive on green at an
intersection

 1.5%

Probability of Green

I

2

=
!

Distribution of Wehicle Arrivals

1%

— Only 39% of the vehicles . - o5
have arrived on green for HH \‘HH HH |
L. 0% — 0%
th|s ||nk T T T T T T T T T T T T T
0 10 20 a0 40 50 &0 70 20 a0 100 110 120
- Adapted from the ”Purdue Time in Cycle (secs)

Coordination Diagram”
(PCD), by Day, Bullock, et al
at Purdue.

© 2011 Berkeley Transportation Systems, Inc. 24
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Control Delay Results

100

a0 —

30 —

— Control delay reduced at
nearly all Carson

60 L
intersection approaches. 50
o
— Cross-street and total .
intersection control delay 0 . . . . . . .

Before  After Before  After Before  After

AM Midday PM
HEBT WWEBT ENBT SBT

70 +—

Control Delay {s)

increased.

© 2011 Berkeley Transportation Systems, Inc. 25
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Agency-wide Route Comparison Measures

& PelVIS Calrans > .., 8 PeMS Caltrans > | Caltrans - PeMS 1., ' & PelS Caltrans De... * '8 PeMS Caltrars De. .. & PeMS Caltrans De. ..

« Shows summary [« «
. . My Home Help Logout [FN
statistics for all e S

.
routes for a Iven 9 Schedule v Performance v = Data Quality v Tools =
Fallorook

. e = Performance > Route Reliability
Vista
time range B v S e .
© Escondido * Feb s |1 |8 | 2011 (8| |D |& Feh (a| [28 »| 2011 »| | 23 &
nitas & Poway © Ramana in Range:1 day Max Range:1 year
® én;l:;l ° Include Days
SerS Can See e i Osu Mo Ftu Mwe M1h Mrr Osa OHolidays
\ | El Cajon™oapine,
o Time Period Statistic

i
nDiego@ La Mesa

sum or the s e

FM Peak (03:00 PW - 06:59 PM) Sum b

ﬁjuané" g
LalJoyal o San Lus g
ave ra e e r a (SO0GIC TS : Route~ Scheduled Scheduled Measured Measured % Stops % Trips Measured % of % of % of Early Passenger
SPlauac e  Map data @2011 Google, INEGI Stops Trips Stops APC Measured Measured APC Stops On  Stops  Departures miles
- Trips Boardings Time Late travelled
for the Va rious (NS GETRIELES 1 47,150 1553 27,230 a3 8 63 22,221 84 16 34 4674
Routes 103 2 42,252 1,657 27,653 1,145 65 £9 24,679 92 S 41 3,465
Service Patterns 428 3 44,169 1,497 o o o o o
Va I u eS Stops ) 4817 4 26,502 780 11,594 401 44 51 5,860 87 13 20 2,005
Average Daily Trips u}
sverage Daily Vehicle Miles 0 5 21,949 1,082 7,077 297 36 37 7,735 85 15 23 1,174
R . Average Daily Wehicle Hours [n] =] 14,864 Be7 6,085 289 41 43 5,294 65 35 17 1,056
° ( :I ICkI n On the Forthe week of 04/03/201 1. 7 70,332 2,636 14,440 605 21 23 18,764 76 24 20 4,436
a8 14,924 870 5,569 377 37 43 5,267 a8 12 40 1,289
[ ; ) 9 15,666 959 10,281 [s1=E] <[] 70 8,222 93 7 36 3,209
Quick Links
rou e Ca n Jul I Ip O 10 19,551 1,321 8,737 G676 43 51 14,558 88 12 22 5,719
\iew ancther agency = 11 84,627 2,318 43,916 1,312 52 57 31,028 a8 12 39 6,808
th t 13 40,825 1,534 15,943 754 46 49 22,828 82 18 31 9,113
e rou e page 14 5,168 304 3,025 176 59 58 1,336 92 a 37 411
15 16,306 1,412 11,021 1,017 [f] 72 24,707 8z 18 18 12,434
18 2,299 190 [u] [u] o [u] [u]
20 20,293 1,296 7801 569 38 4 10,919 1) 20 23 22,041
25 8,607 304 u] u] u] u] u]
27 11,701 435 o o 1] o o
28 g,886 G46 o o 1] o o
30 52,832 1,924 32,529 1,272 62 =[] 28,109 a1 El 37 22,855 3

© 2011 Berkeley Transportation Systems, Inc.
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Single-Route Dashboard

- Starting page for a | & T
Slngle route MTS Transit Route 7

Montgomery.

) ShOWS Some = V! Dashboards > Route APC Dashboard

=" ; (5 Date

Summary i Feb v [2011 v
performance o

Dashboards »+ | Schedule »  Performance * | Tools v

ard ¥

San Carlos

B vIEw TRELE

G
Rl
measures forthe | o i
nadoW e Period Scheduled Scheduled Trips Scheduled Measured Measured #
t b th = '\gational City a Stops Beginning Miles Trips Passenger Miles Boardings
ASUIOIC . .
route y mon (BOTIC = W S Night (0:00 AM - 2:59 AM) 10,058 145 692 37 44 255
MTS AM Early (3:00 &M - 5:59 AM) 10,279 247 1,455 gz Bl 1,050
. . o A nahies AM Peak (6:00 &AM - 9:559 AM) 52,079 1,026 o042 407 2,460 11,552
e S OWI ng a Midday (10:00 AM - 14:58 PM) 59,717 1,064 Q522 460 3,033 17,072
. . Longest Trip Len_gth i) 11.7 PM Peak (15:00 PM - 18:59 PM) 54,834 912 8,705 516 3,811 15,91A
m I n ‘tl n f AverageiDally Trips - ., 0 PM Lats (13:00 PM - 23:59 PM) 40,242 608 5,790 365 1,418 5,973
Average Daily WVehicle Miles u]
Average Daily Vehicle Hours 0 Tatal 227,209 4,002 34,214 1,867 11,576 51,813
SCh ed u Ied For the waek of 04/03/20 11
Top 10 Stops by Alightings Top 10 Stops by Boardings
uick Links
Stop Alight Boar: s of Stops Stop Alight Boari % of Stops
information and < T T 5 T
| Sampled Sampled
“igwr another route b
measured MR R T T P I
“iew & stop on this route )
Broadway & Broadway &
i nfo r ati O n Eth Ay 6,065 1,365 42 ard Av 5,599 9,939 a5
I I I Broadway & Broadway &
15t Av 5,738 4,119 33 Sth Av 3,467 8,517 a8
Broadway & University Ay
5,599 9,939 35 ;
[ ] A I I th t 2rd Ay : ’ & Fairmount 2,119 4,399 30
s well as the to 3
ari
5,101 192 22
. Broadway & Broadway
o i) 2,223 4,366 36
University Ay
2 Fairmount 4,084 2,243 20 University Ay e i e v

and alightings

© 2011 Berkeley Transportation Systems, Inc.
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Measurement Coverage: Stops

0 & Caltrans - FeMS 11.., «/ & PeMS Calttans = T... -\ & PeMS Caltrtans = T... ~ & PeMS Cdans > T... T
A) Of StO p S th at e C | ® derby:3079/?report_form=1&dnode=TransitAgency&content=transit_measurement_coverage&export=&transit_agency_id=MTS& ¥ | &

are measured | gge I

in the AM Peak Transit Agency MTS |

. b | Schedule +  Performance +  Data Quality *  Tools =
period o
k ** Data Quality > Measurement Coverage
Vista 1 .
Y M d 28 9 SsapMarcos FozmRonreqo] Date
easu re - @ Escondido Dmﬂs:w Re Fen v [2011 W |

S Ramaona

nitas @ i
means that an O R T
i n St ru m e n t e d ) B viewTRele | B EXPORT TEAT | I ERPORT to ALS

Route« Day of the Month
bus drove by ‘ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
. Lalloyal o San Luis Manchén .
o ‘é‘ _ Blanco 1 78 8039 52 72 50 46 62 S6 S8 46 100 68 63 77- 74187 68 55 65 64 89 62 98 100 66
(nOt that It DR e Mo it €201 Gongle, NEGI | » 77 66 91|79 67 |44 49| 72 88| 75 69. 90| 82 55 7z 884 74 100 65 77 63 (@4 GE] o1
Sto ed Agency Attributes 3 . ..- ..- ------ -
pp 4 53 |25 62 59 100 |25 50 31 69 75 44 44 50 48 51 51
EE:FEZ I igg 5 36 542538 50 100 sz [JEEE 50 100 o1 [l ss| 6 48 S0 o7 100- 45 50
° Some routes ctops 417 | |6 II 35 47 56 51l +2 7o 76 185 .l 46 47 50 73 30 49 5429 S0 100
o et oo om0 ool e o B o I v
and da S had swerage Daily Vehide Miles a ] 46 34 91 45 51 68 46 54 34 49 43 32 82 46 43 57 82 43
y Average Daily Wehicle Hours ]
a 47 57 95 45 44 77 64 79 51 45 41 6@ 85 44 42 47[88] 55 61 63 57 47 5543 77 59

100% Coverage Forthe week of 04/03/201 1. 10 78 |43 55 (38 60 1583838 70 50 44 42 10036 (34 so MG 71 36 55 se| 42 38 43 4 6« [EE

11 B0 50 37. 46 57 66 48 54 40 55 46 56 54| 38 30 47 66 57 62 40 54- 58| 50| S50 &

f ” t II Quick Links 13 47 [B857 |22 =2 70.51 22| 33| se S0 60 41 67 30 34 48 48 40|40 45 50
or all s OpS (a 14 I =0 so so JEE = so 100 --- g8 50 100 S0 --- 100 100 62 --- s0

b II Wiewr another agency b’ 13 az oz 69 77 03 | 34 85 a9 61 62 BESE 93| 74| 64 75 92| 63 §S8 7o 78 63 Fo 76|86
20 45 35 35 37 92 44 36 33 33 68 40 52 =l=}

trips were =

. 27

instrumented = I II IIIIIII

Wlth A PC el 78 65 63 60 33 67 71 92 B0 51 55 | 55| il 27 58 55 73 67 71 51
31

76 70 83 77 54 70 46 85 &5 46 85 100 100 85 83 61 A3 B85 61

t = [HEEE LRI BUNCINCEC) ---- i
Coun erS 41 72 57 80 7O 94 60 82 55 66 86 58 41 27 86 91 79 100 72
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Buses on Maps

&

« We're grabbing the

& Caltrans - PeMS 11,

C © pems.dot.ca.gov:3500/?dnode =search&c0ntent=cnt_search&viek. =rt#32.7486,-117.1275,13

w A

AVL data

« Through a bad
hack

Placing the buses
on the real-time map
in PeMS

Infowindow shows
what comes across
in the XML feed

We color them as to
whether they’re
early, on-time or late

© 2011 Berkeley Transportation Systems, Inc.
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Deployment Options
Caltrans
vews

Data oo’
Web
Agency with Reports
Arterials

1. Integrated with Caltrans’ PeMS

. They are interested in corridor management

. Have agreed in the past to take in partner data
2. Standalone

. Not part of Caltrans’ PeMS, inside of agency

. Allows for customization
3. Standalone, but Hosted

*  Similar to standalone, but hosted (no IT issues)

Data

Web o
. Reports

Agency with Arterials

Hosted in Cloud

Data
Web
Agency with Reports
Arterials
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Summary

—  Arterial corridor management needs
— Different approach from freeways
— Solid detection infrastructure
— Automated process for data collection and processing
— New data storage and computation framework
— Dynamic system, not a static report
— New arterial-based visualizations
— A-PeMS provides one way to achieve this
— Sensor and system agnostic
— Flexible deployment options
— Extensible features
— Integration with other California data sets

© 2011 Berkeley Transportation Systems, Inc. 31
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